In this paper, we present the results of quantum-chemical modeling for atomic hydrogen adsorption on the C(100)-(2 × 1) diamond surface containing a "boron + monovacancy" complex defect. We also provide a comparison of the energy characteristics of adsorption (activation energy and adsorption heat) for an ordered diamond surface, graphene surface, and a surface containing a "boron + monovacancy" complex defect.
Introduction
Boron-doped diamond is a p-type semiconductor and due to its unique natural properties, it is a promising material for microelectronics [1] . Goss and coworkers studied boron aggregates in diamond [2] . According to ab initio calculations, the B 4 V-and BV-complexes correspond to the lowest energy of formation attributed to a single B atom. In [3] , the authors study the electronic structure of a BV-center in diamond for its various charge states -BV 0 , BV +1 , BV −1 and BV −2 -using first-principles calculations. The charge state of the BV −1 complex defect is stable and is suitable for qubit realization. However, for the reconstructed C(100)-(2 × 1) surface, the BV-complexes remain insufficiently studied. Such a complex defect located on the surface or in the near-surface layers can lead to local surface restructuring, to the charge distribution between the atoms around the defect, and can influence the energy of particle adsorption. Atomic hydrogen takes part in the growth mechanisms of CVD diamonds [4] , in diamond etching for use in microelectronics [5] .
In this paper, we investigate the energy characteristics of hydrogen adsorption on a C(100)-(2 × 1) diamond surface with BV-complexes by quantum-chemistry methods.
Calculation technique
A clean reconstructed C(100)-(2 × 1) diamond surface was reproduced with use of C 195 H 112 and C 198 H 100 cluster models containing 5 and 8 atomic layers, respectively. Calculations involved semi-empirical quantumchemical methods implemented in the MOPAC software package [6] . The distance between the hydrogen atom and the surface carbon atom was chosen as the reaction coordinate for calculation of H adsorption. The calculation procedure is described in detail in [7] .
Adsorption of atomic hydrogen on the diamond surface with a BV-complex
Calculations carried out for the cluster surface models have shown [8] that the lowest energy belongs to the state of a complex defect in which boron is in the fourth layer, and the vacancy is in the third layer ( Fig. 1,  defect 1 ). The position of boron in the first layer, with the same position of the vacancy in the third layer, is less energetically favorable (Fig. 1, defect 2) . The feature of defect 1 is the formation of C1-C6 hexagonal structure on the surface [8] . The order of bonds between the "hexagon" atoms differs significantly from the order of these atomic bonds on the ordered surface and is close to the bond order of carbon atoms in graphene (Table 1) . Two types of adsorption centers can be distinguished among atoms of the "hexagon" on the surface: they are C1-C2 and C3-C4 atoms (initially, atoms of the surface dimers) and C5 and C6 atoms (initially, the second-layer atoms). In the structure of defect 2, replacing the C5 carbon atom by the B boron atom resulted in distortion of the "graphene-like" structure: all sides of the "hexagon" have different lengths. The most bound pairs of atoms are C1-C6 and C4-C3. The energy of the dimeric π-bond on the C(100)-(2 × 1) surface was estimated by ab initio methods in [11] , and for different cluster models it was 0.67 -1.17 eV. The authors of [12] estimated the activation energy of atomic hydrogen chemisorption on the surface dimer atoms as E act = 0.65 eV using semiempirical quantum chemistry methods. Comparison of the E act = 0.85 -1.11 eV values obtained in this work for a hexagonal graphene-like structure on the surface with a BV-complex (defect 1) with the data of [11, 12] suggests that the chemisorption of hydrogen will primarily occur on the ordered areas of the surface where surface dimer atoms are the adsorption centers (E act = 0.65 eV), and only then on hexagon atoms -predominantly on the C1, C2, C4 and C5 atoms, for which the activation energy of the first hydrogen atom adsorption is E act = 0.85 eV ( Table 2 ).
All hexagon atoms in defect 2 can be called adsorption centers of different types; they are characterized by different interatomic distances with neighboring atoms, different values for the charge localized on the atom and of the energy characteristics of chemisorption ( Table 2) . Comparison of E act = 0.40 -0.78 eV for a hexagonal graphene-like structure on the surface with a BV-complex (defect 2) with the literature data [11, 12] suggests that the chemisorption of hydrogen will primarily occur on the C1, C2 and C4 atoms of the "hexagon", for which the activation energy of the first hydrogen atom adsorption is E act = 0.40 -0.43 eV, and only next on the dimer atoms in the ordered surface areas (E act = 0.65 eV). Thus, BV-complexes in the near-surface layers of C(100)-(2 × 1) diamond lead to a significant change in the geometry and electronic state of the surface: there appear some active centers of chemisorption that affect the mechanism and energy of the whole process.
